Introduction
Surgical techniques for the management of pelvic organ prolapse have advanced significantly in the past few decades, with increasing numbers of minimally invasive procedures being performed. Abdominal or laparoscopic sacrocolpopexy and sacrohysteropexy utilizing mesh augmentation were considered the most effective methods for correction of apical prolapse and are associated with a low risk of complication and a good long-term success rate. 1 Because of the adverse publicity surrounding the use of mesh, there has been renewed interest in native tissue repair, with patients increasingly choosing non-mesh alternatives such as sacrospinous fixation. A range of procedures utilizing native tissues have been described for the correction of apical prolapse. 2 Vaginal sacrospinous ligament fixation remains one of the most widely reported techniques. 3 It was first described in 1958 by Sederl and involves suspension of the vaginal apex (cervix or vault) from the sacrospinous ligament (unilaterally or bilaterally), typically via the extraperitoneal approach and with the use of either delayed absorbable or permanent suture material. 4 A variety of devices have been described to facilitate suture placement through the sacrospinous ligament. These include the Deschamps needle, the Miya Hook, the Capio ® suturing device, the Veroniks ligature carrier and new reusable devices such as the SeraPro ® . None has been found to be superior to the others, but they differ in their technique for use, safety and cost profile. [5] [6] [7] The attachment of the sutures to the sacrospinous ligament is achieved either by direct visualization during placement or using a "blind" approach relying on palpation during placement of the sutures. The latter requires less dissection and possibly carries a lower risk of soft tissue and vascular injury. 8 The Miya Hook requires the use of long retractors to expose the tip of the needle to facilitate suture retrieval. This again raises the risk of soft tissue injury and may negate the advantages of the blind approach. Alternatively, the size of the bite taken in the ligament with the Capio device may be smaller than with the Miya Hook, potentially compromising the attachment and with it the long-term success of the procedure. Direct comparative studies of the different techniques and devices available are sparse. In light of ever-increasing health costs and environmental concerns, we believe that it is important to compare reusable (Miya Hook) and disposable (Capio suturing device) instruments, to ensure that they are equally efficacious and carry no higher risks.
In this study, we compare the Miya Hook and the Capio suturing devices for placement of sutures through the sacrospinous ligament at the time of surgery.
Materials and methods
This prospective cohort study compared women undergoing vaginal sacrospinous colpopexy or hysteropexy for the treatment of apical prolapse at a specialist urogynecology unit between August 2014 and August 2015. Women were allocated sequentially: the first consecutive 63 patients underwent sacrospinous colpopexy or hysteropexy using the Miya Hook and the next 40 underwent the procedure with the use of the Capio suturing device.
Women were assessed preoperatively in a dedicated urogynecology clinic. The stage of pelvic organ prolapse was objectively assessed in the left lateral position with maximum Valsalva and after bladder emptying with the help of a Sims' speculum using the International Continence Society Pelvic Organ Prolapse Quantification (POP-Q) system. 9 Subjective assessments of prolapse symptoms and their impact on overall quality of life (QoL) and sexual function were evaluated using the validated International Consultation on Incontinence Questionnaire -Vaginal Symptoms (ICIQ-VS) preoperatively and 12 months postoperatively. 10 The primary outcomes were the patient-reported success rates and improvement in vaginal scores assessed with the use of the validated ICIQ-VS.
Secondary outcomes included impact on sexual function, QoL, perioperative complications and apical recurrence.
Operative times, length of stay and cost were recorded.
surgical procedure
Sacrospinous fixation was performed under general anesthesia by one of the two consultant urogynecologists trained and competent in both techniques. All patients gave written informed consent prior to the procedure. Prophylactic coamoxiclav (or vancomycin and metronidazole if the patient was allergic to penicillin) were given at induction. Patients were positioned in the lithotomy position to allow transvaginal access. Access to the sacrospinous ligament, in both groups, was via the posterior compartment approach. The posterior vaginal wall was opened vertically in the midline, followed by sharp dissection to the rectovaginal fascia and further blunt dissection into the pararectal space on the right side of the patient. Landmarks of the region were identified by initial palpation and included the ischial spine and the sacrospinous ligament. The peritoneum overlying the ligament was pierced with the help of McIndoe scissors, allowing further dissection and skeletalization of the sacrospinous ligament. This helped to identify its margins and the fibrous anterior surface through which the ligament is penetrated, as described by Miyazaki. 11 In the Miya Hook approach, two 0.0 polydioxanone sutures (PDS; Ethicon, Somerville, NJ, USA) were loaded on to the Hook simultaneously and inserted into the ligament unilaterally 2 cm medial to the ischial spine, taking care to keep the needle tip in the body of the ligament. This reduces the risk of vascular injury to the vessels situated posteriorly to the ligament. After placement of the sutures, Breisky-Navratil retractors were used for visualization of the Miya Hook tip and sutures as they exited the ligament. The sutures were then retrieved under direct vision using 
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Disposable vs reusable methods for pelvic floor repair a nerve hook. During the use of the Capio suturing device (Capio, Boston Scientific Corp., Natick, MA, USA), identical dissection was undertaken to the right pararectal space unilaterally to allow insertion of two Capio device-specific monofilament polypropylene sutures sequentially. There was no need for the placement of retractors or the use of a retrieval device. 12 The free ends of the sutures were secured to either the vaginal vault (in the absence of a uterus) or the posterior aspect of the cervix in the cases of a sacrospinous hysteropexy. Concomitant anterior and/or posterior vaginal wall prolapse was treated at the same time by anterior and/or posterior colporrhaphy. Some women required a vaginal hysterectomy, which was performed before the sacrospinous ligament fixation. At the end of the procedure, a vaginal pack and urinary catheter were inserted. These were removed on the following morning.
In this study, the principal surgical steps followed in performing the procedure were those described by Carey and Slack. 8, 13 statistical analysis
The outcomes between the two groups were analyzed using independent Student's t-test for Gaussian data and Mann-Whitney test for nonparametric data using SPSS version 20.0 for Mac.
ethical approval
Ethical approval for the project was granted by the Regional Ethics NRES Committee East Midlands, Derby (reference: 14/EM/0197). The study was conducted in accordance with the Declaration of Helsinki.
Results
During the study, 103 women with advanced prolapse in the apical compartment underwent colpopexy or hysteropexy (63 using the Miya Hook and 40 with the Capio suturing device).
Mean follow-up was 16.9 months (SD 7.8) in the Miya Hook group and 14 months (SD 3.1) in the Capio group.
There were no significant differences in age, parity and preoperative stage of prolapse in all compartments. Mean body mass index was higher in the Miya Hook than in the Capio group (Table 1) .
The approach to the right sacrospinous ligament was via the posterior vaginal route and a concomitant posterior colporrhaphy was performed in 98% of patients in the Miya Hook group and in 95% in the Capio group. An anterior colporrhaphy was also performed in 83% and 78% of women and a vaginal hysterectomy in 39% and 23%, respectively (Table 1) . Overall, 33% of women in the Miya Hook group and 20% in the Capio group had previously undergone prolapse repair (Table 1) . 
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Pandeva et al Significant improvements in vaginal scores, sexual function and QoL from baseline were noticed in both cohorts (P,0.01) ( Table 2 ). There were no significant differences in postoperative vaginal scores, sexual function or QoL between procedures (Table 3) . Similarly, there were no differences in complication rates, return to theater or blood transfusion between the groups. No patients in either group were readmitted for postoperative complications.
The median operative time was 66.48 minutes (SD 22.7) in the Miya Hook group and 67.65 minutes in the Capio group (SD 26.2). There was no significant difference in length of stay: 1.9 days (SD 0.28) in the Miya Hook group and 1.8 (SD 0.39) in the Capio group.
In the follow-up period, surgical failure in the apical compartment was observed in 3% (2/63) of patients in the Miya Hook group and in 2.5% (1/40) in the Capio group (P=0.98). New site anterior compartment prolapse was observed in four patients (6%) in the Miya Hook group and in two (5%) in the Capio group (P=0.98).
There were no statistically significant differences in postoperative ICIQ scores, reoperation rates or the incidence of apical recurrence between the groups (Table 3) .
In our institution, the reusable Miya Hook ligature carrier set includes a Miya Hook, Miya notched speculum, Adson nerve hook and Breisky-Navratil retractor, with a single upfront cost of £245. This can be used multiple times. The cost of sutures for each case where the Miya Hook carrier is used is £10, without any additional instrument sterilization costs as the Miya Hook set is included as part of the vaginal surgery set. In our case series, the cost of sacrospinous fixation equipment in the Miya Hook group was £14 per case.
In comparison, the cost of the disposable Capio suturing device is £193 and £63 for the device-specific sutures, with a total price of £256 per case.
Discussion
In this prospective cohort study, we demonstrate that sacrospinous fixation with both the Miya Hook and Capio suturing devices is associated with significant improvement in vaginal scores, sexual function and QoL in the medium term. The technique of sacrospinous fixation deserves new scrutiny in the light of the drive for native tissue repair for pelvic organ prolapse owing to the controversy surrounding mesh. 14 The sacrospinous fixation procedure has high success rates and low complication rates despite the complex anatomy of the area and proximity of neurovascular and visceral structures. The short-term cure rates have been reported to be as high as 84%-100%. 1, 15 However, the data on long-term success and failure rates are complicated partly by the use of different outcome measures and definitions of failure. Barber and Maher 1 looked at 18 different definitions of surgical success at 2 years as part of the Colpopexy and Urinary Reduction Efforts Trial, and concluded that as a result of different definitions the perception of treatment success varies widely (from 19.2% to 97.2%). Subjective or patient-reported measures of cure strongly correlated with treatment success and were more accurate than any other definitions. Anatomical success alone (defined as prolapse proximal to the hymen) had the lowest treatment success (19.2%-57.6%). 16 In our study, the patient-reported outcome measures were assessed with the use of validated QoL questionnaires. They have been shown to have a high correlation with long-term 
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Disposable vs reusable methods for pelvic floor repair treatment success and overall cure. We saw significant improvement in patient-reported vaginal symptoms, sexual function and QoL scores, with low surgical failure in the apical compartment of ,3%. Similarly, a literature review by Lovatsis and Drutz showed successful results in 90% of cases, a low surgical failure rate (3%) in the operated apical compartment, low perioperative complications and new site anterior wall prolapse of 5.8%. 17 Pollak et al 6 reported the complication rates of three different devices for sacrospinous fixation. They found that 5% of intraoperative and 17% of postoperative complications were related to the suture placement through the sacrospinous ligament. Although there were no statistically significant differences between the three groups, the study hypothesized that placement of the suture through the sacrospinous ligament under direct visualization may result in fewer intraoperative and postoperative complications. 6 A review and cadaveric evaluation of six suture devices focusing on vascular safety concluded that anatomical variations and individual qualities of the sacrospinous ligament may affect their safety. 5 They concluded that thinner and more compact devices such as the Capio or Caspari may be safer as they remain confined within the ligament and away from the neighboring neurovascular bundles.
However, we did not see a difference in perioperative complications between the Miya Hook and the Capio device groups. While this may be a phenomenon of powering, we believe that this reflects the fact that we routinely perform formal exposure of the sacrospinous ligament for both procedures. We feel that this technique ensures close attachment of the vaginal apex or cervix to the sacrospinous ligament, avoids bridging and encourages fibrosis for robust support. The main difference between the techniques relates to suture retrieval.
In our hands, as there is no significant increase in recurrence or complication rates, there would be a significant cost saving using the Miya Hook over the Capio. Cost analysis of operating theaters has shown that more than half of the budget is spent on equipment, with more than 80% of this being allocated to the purchase of disposable supplies. 18 Sacrospinous fixation is one of the most widely performed prolapse procedures among UK surgeons for the management of primary and recurrent vault prolapse. 19 On analysis of the British Society of Urogynaecologists database, we found that 574 sacrospinous procedures were performed between 2007 and 2010. 20 Furthermore, between January 2000 and July 2018, there have been 5,006 sacrospinous fixation procedures using traditional reusable instruments (4,451 sacrospinous colpopexies and 555 sacrospinous hysteropexies) vs 5,190 sacrospinous fixations utilizing the Capio device (4,290 sacrospinous colpopexies and 900 sacrospinous hysteropexies). Considering the above data, the use of reusable instruments would have led to a cost saving of £1,038,000. While this may not seem to be a significant cost saving, it is only with an aggressive cost containment program in all aspects of our practice that we will bring down the overall cost of health.
Adler et al 21 considered both the economic and environmental impact of single-use and reusable equipment in laparoscopic cholecystectomy, and found a 19 times higher cost of using disposable instruments. Furthermore, given the positive environmental impact of reusable equipment, they suggested that disposable instruments should be used only if there is a clear functional advantage. 21 In our study, there were similar outcomes and improvement of symptoms with single-use and reusable equipment.
Conclusion
Sacrospinous fixation is a highly effective procedure irrespective of the instruments used. Techniques using the Miya Hook and Capio device for sacrospinous colpohysteropexy are equally effective in the treatment of apical prolapse and are associated with significant improvement in subjective outcomes, sexual function and QoL at 1 year. No difference was shown in time taken or complications experienced between the two techniques.
While we appreciate the occasional need in very selected cases for a lesser degree of dissection and a more refined, thinner instrument such as the Capio, in the absence of clinical benefit, the choice of instrument should reflect the cost in a financially constrained health-sector environment.
In the current era, further large multi-arm randomized controlled trials are warranted to inform us both on the efficacy and safety of various approaches for sacrospinous fixation and on their respective cost effectiveness.
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